Background: The roles of both anxiety and depression as risk factors for frontotemporal dementia (FTD) and Alzheimer's disease (AD) have not been previously investigated together. Objective: To study anxiety and depression as independent risk factors for FTD and AD. Methods: Eighty-four patients with FTD and 556 patients with AD were compared with 117 cognitively healthy (CH), elderly individuals. Both cases and controls were participants in the second Health Study of Nord-Trøndelag (HUNT2) from 1995 to 1997, in which depression and anxiety were assessed with the Hospital Anxiety and Depression Scale (HADS). Results: Significant associations were found between anxiety and FTD and between depression and AD. A significantly increased risk of developing FTD was observed in patients who had reported anxiety on the HADS (p = 0.017) (odds ratio [OR]: 2.947, 95% confidence interval [CI]: 1.209-7.158) and a significantly increased risk of developing AD was observed in patients who had reported depression on the HADS (p = 0.016) (OR: 4.389, 95% CI: 1.311-14.690). Conclusion: Our study findings suggest that anxiety and depression may play different roles as risk factors for FTD and AD.
Background
The number of individuals with dementia worldwide is estimated to be over 45 million and is predicted to triple by 2050 [1] . The identification of modifiable risk factors may lead to viable prevention strategies [2] . Frontotemporal dementia (FTD) refers to clinical syndromes caused by neurodegeneration in the frontal or temporal lobes of the brain. FTD consists of three clinical subtypes: (1) behavioral variant FTD (bvFTD), which is characterized by changes in personality and behavior; (2) non-fluent variant primary progressive aphasia, which is characterized by deficits in speech and grammar, and (3) semantic variant primary progressive aphasia, which is characterized by deficits in semantic knowledge and naming [3, 4] .
FTD accounts for 10% of all occurring dementia cases and is a leading cause of earlyonset dementia, i.e., onset before the age of 65 years. Early symptoms often include insidious behavioral and personality changes and problems with language [5, 6] . The symptoms of behavioral and personality changes are similar to symptoms seen in psychiatric disorders and this often leads to an incorrect initial diagnosis [7] . About 60% of FTD cases are diagnosed between the age of 45 and 60 years [8, 9] . Modifiable risk factors in FTD have been investigated far less than in Alzheimer's disease (AD) and vascular dementia and although some studies have found associations between FTD and diabetes mellitus [10] , head trauma [11] [12] [13] , education level [14] , and autoimmune disease [15] , knowledge on modifiable risk factors in FTD is considered sparse [16] .
AD accounts for 60-80% of all cases of dementia [17] , and these patients display early symptoms of memory problems, apathy, as well as depression, and later communication problems, confusion, disorientation, behavioral changes, and difficulties with speech, swallowing, and walking [8] . Several risk factors for AD have been researched and established, including hypertension, diabetes, hypercholesterolemia, body mass index (BMI), education, and socioeconomic status, along with depression, affective disorders, social network, and social engagement [18] [19] [20] [21] [22] .
Anxiety and depression are common mental disorders among the general population [23, 24] . Symptoms of depression and anxiety are graded by their severity, duration, and functional impairment, and a diagnosis of anxiety or depression requires a clinical assessment [25] . Depression is a common disorder in the elderly population, and studies performed in the last decade have implied an increasing prevalence of depression with age [26, 27] . Anxiety is harder to assess in elderly individuals, but studies have found it to occur less often than depression and that severe forms are also less common in the elderly [28] .
A few studies have compared risk factors in FTD and AD, finding that patients with FTD were less likely to have hypertension [14, 29] , had a lower prevalence of cerebrovascular risk factors [29] , were younger and more educated, and were more likely to have a positive family history of dementia than patients with AD [14] . Not only is knowledge of modifiable risk factors for FTD sparse, there has also been a lack of longitudinal studies assessing modifiable risk factors and their impact on premorbid FTD and AD. The aim of this longitudinal population-based case-control study was to investigate the role of anxiety and depression as modifiable risk factors in FTD compared with in AD.
Methods

Study Population
In this population-based, longitudinal nested case-control study, the study population comprised of 84 individuals with FTD, 556 individuals with AD, and a control group of 117
Dementia Diagnosis
The Hospital Dementia Register includes data on dementia diagnosis collected retrospectively (1995-2010) and prospectively (2010-2017) by the Nord-Trøndelag Hospital Trust. Diagnosis is performed according to national and international guidelines by specialists in geriatric and psychogeriatric medicine, and is based on patient history, caregiver history, clinical examinations, neuropsychological assessments, blood samples, and brain imaging [30] .
The Nursing Home Dementia Register includes data on dementia diagnosis collected from nursing homes in Nord-Trøndelag during 2010-2011. Diagnostic data were collected by trained nurses by conducting several tests measuring cognitive function, neuropsychiatric symptoms, depression symptoms, quality of life, caregiver distress, and personal activities of daily living. Using the available information, two physicians with wide clinical and research experience independently diagnosed mild cognitive impairment, dementia syndromes, and dementia subtypes. If there was any discrepancy, a third expert was consulted [30] . The study data 2 
Anxiety and Depression Measurements
Data on self-reported symptoms of anxiety and depression were extracted from the HUNT2 study, in which the HADS was used to measure depression and anxiety (Fig. 1) . The HADS consists of 14 items covering 2 subscales, with 7 items for anxiety (HADS-A) and 7 for depression (HADS-D). Each item is scored on a 4-point Likert scale (0: not present, 3: fully present). The subscale sum scores have a minimum of 0 and maximum of 21. Snaith and Zigmond [33] categorized the HADS-A and HADS-D subscale scores of 0-7 as normal, 8-10 as mild disorder, 11-14 as moderate disorder, and 15-21 as severe disorder. In this study, we included HADS scores where at least five out of the seven questions on both HADS-D and HADS-A were answered. Those who filled in 5 or 6 items were included and their score was based on the sum of completed items multiplied with 7 of 5 or 7 of 6.
In the FTD group, 3 cases had answered 5 out of 7 items and 13 cases had answered 6 out of 7 items on the HADS-A. No cases had answered 5 out of 7 items and 5 cases had answered 6 out of 7 items on the HADS-D. In the AD group, 34 cases had answered 5 out of 7 items and 97 cases had answered 6 out of 7 items on the HADS-A. Sixteen cases had answered 5 out of 7 items and 64 cases had answered 6 out of 7 items on the HADS-D. In the CH group, 7 controls had answered 5 out of 7 items and 18 controls had answered 6 out of 7 items on the HADS-A. One control had answered 5 out of 7 items and 7 controls had answered 6 out of 7 items on the HADS-D. We used a score of 8 or above as the cutoff indicating a probable case of anxiety or depression [34] .
Confounders
Data on confounders were extracted from the HUNT2 study. Based on previous studies, we selected variables that might confound the associations between anxiety/depression and FTD/AD. Confounders can influence both the dependent variable and the independent variable, causing a spurious association. Therefore, the confounders chosen for this study were gender, age at participation in the HUNT2 study, heart disease, diabetes, metabolic disorder, hypertension, smoking, and obesity. Heart disease was ascertained if participants indicated they had experienced angina pectoris or heart attack. Similarly, diabetes and metabolic disorders (hypothyroidism or hyperthyroidism) were determined if responses were positive. Hypertension was determined if participants had an average diastolic blood pressure of 90 mm Hg or more. Patients with a BMI of 30 or higher were classified as obese. Tobacco use was categorized as never smoked on a daily basis, previous daily smoker, or daily smoker. Owing to missing data, potential confounders, such as education, brain disease, and alcohol use, were not included in the final analysis.
Statistical Analysis
Datasets from the Dementia Register of the Nord-Trøndelag Hospital Trust and the HUNT2 study were merged using the personal identification number assigned to all Norwegian citizens. The personal identification number was then replaced with an anonymous project identification number before the merged dataset was made available to the researchers. We evaluated the association between anxiety and depression, measured by HADS in the HUNT2 study, and the later development of FTD and AD using multivariable logistic regression. Three analyses were performed separately: (1) analysis of FTD versus CH individuals; (2) analysis of FTD versus AD; and (3) analysis of AD versus CH individuals. All three analyses were performed in four steps: (1) entering anxiety only as the variable; (2) entering depression only as the variable; (3) entering anxiety and depression as variables; and (4) entering anxiety and depression as variables and adjusting for the potential confounders of age, gender, heart disease, diabetes, hypertension, metabolic disease, smoking, and obesity. The analyses were performed using SPSS version 25.
The study was conducted at the Namsos Hospital, Nord-Trøndelag Health Trust, with approval from the Regional Etisk Komite (REK), the Norwegian ethics committee. Participating patients gave written consent to take part in the HUNT2 and HUNT3 studies [35] .
Results
Characteristics of the Study Population
Compared with the CH group, the AD and FTD groups were older at participation in the HUNT2 study and were more likely to have heart disease, diabetes, metabolic disease, obesity, anxiety, and depression. Compared with the AD group, the FTD group was younger at participation in the HUNT2 study and at time of diagnosis. The FTD cases were also more likely to have hypertension, metabolic disease, obesity, as well as anxiety and to smoke ( Table 1 ). All cases in the FTD group received their dementia diagnosis after the year 2000. In the AD group, 26 cases received their dementia diagnosis between 1995 and 1999 and the remainder after the year 2000.
FTD Compared to CH Individuals
In the initial analysis entering only anxiety as a variable, a significant association between anxiety and developing FTD was seen (p = 0.000; odds ratio [OR]: 4.303, 95% confidence interval [CI]: 1.925-9.622) compared with the CH group. When entering only depression as a variable, a significant association between depression and developing FTD was also seen (p = 0.012; OR: 5.473, 95% CI: 1.454-20.599). When both anxiety and depression were entered as variables, a significant increase in the risk of developing FTD was observed in patients who had reported anxiety on the HADS (p = 0.017; OR: 2.947, 95% CI: 1.209-7.158). There was no significant association between depression and risk of developing FTD (p = 0.151; OR: 2.879, 95% CI: 0.681-12.176). The findings regarding anxiety were consistent after adjusting for the potential confounders (p = 0.045; OR: 2.797, 95% CI: 1.024-7.642) ( Table 2) .
FTD Compared to AD
In the initial analysis entering only anxiety as a variable, no significant association between anxiety and developing FTD was seen (p = 0.099; OR: 1.549, 95% CI: 0.920-2.607) compared with the AD group. When entering only depression as a variable, no significant (Table 3) .
AD Compared to CH Elderly
In the initial analysis entering only anxiety as a variable, a significant association for developing AD was seen (p = 0.003; OR: 2.778, 95% CI: 1.404-5.498). When entering only depression as a variable, a significant association for developing AD was also seen (p = 0.003; OR: 5.922, 95% CI: 1.829-19.181). When both anxiety and depression were entered as variables, a nearly significant increase in the risk of developing AD was observed in patients who had reported anxiety on the HADS (p = 0.054; OR: 2.009, 95% CI: 0.988-4.087). There was also a significant association between depression and the risk of developing AD (p = 0.016; OR: 4.389, 95% CI: 1.311-14.690). The nearly significant association for anxiety was reduced (p = 0.114; OR: 1.967, 95% CI: 0.850-4.554) after adjusting for potential confounders. The findings regarding depression were consistent after adjusting for potential confounders (p = 0.032; OR: 4.494, 95% CI: 1.139-17.731) ( Table 4) .
Discussion
This study investigated the association between anxiety and depression and the risk of receiving a diagnosis of FTD or AD. Anxiety was more likely to be reported at baseline in the HUNT2 study among those who later developed FTD than in the CH control group. Conversely, depression was more likely to be reported at baseline in the HUNT2 study among those who later developed AD than in the CH control group. When FTD was compared with AD, no significant increase in the risk of developing FTD was observed in patients who had reported anxiety or in patients who had reported depression. To our knowledge, no previous studies have eval- uated the association between both anxiety and depression together and the development of FTD. Thus, our finding that anxiety may be a risk factor for FTD needs further investigation. Several studies have found depression to be a risk factor for AD [36] [37] [38] [39] and for dementia in general [37, 40, 41] . Numerous mechanisms for the association between depression and the development of dementia have been proposed, such as vascular disease, alterations in glucocorticoid steroids, hippocampal atrophy, increased depositions of β-amyloid plaques, inflammatory changes, and deficits of nerve growth factors or neurotrophins [42] . Depression has also been linked to habits like smoking, obesity, and reduced regular physical activity, which are also cardiovascular risk factors [43] . Another suggested shared mechanism is that of inflammation and immune activation, which can be characteristic of depression and is also associated with an increased risk for all types of dementia [43] . Depression as a risk factor for dementia has been better investigated in late-life depression (age over 60 years and older) [42] . The few studies investigating the association between early-life depression and dementia have consistently found depression as a risk factor for dementia and unlikely to be solely a prodrome of dementia [42] .
In the unadjusted analyses in our study, we found a nearly significant association between anxiety and the later development of AD. A previous study has also found a similar association [44] . Other studies have found prior anxiety to be a risk factor for dementia in general, including AD [18, [43] [44] [45] [46] [47] [48] . Few hypotheses have been offered to explain the association between anxiety and dementia. One suggestion is that apolipoprotein E may be linked to anxiety as well as dementia [49] . Other mechanisms suggest that neuropeptides and the hypothalamic-pituitary-adrenal axis could be involved [48] . Another possible mediating factor could be the use of benzodiazepines, which may be prescribed as treatment for anxiety. In some studies, benzodiazepine use has been found as a risk factor for AD [50] , but it remains unclear if this association is more than merely correlative.
In our study, there were no significant associations for either anxiety or depression when FTD cases were compared with AD cases. This may have several explanations. The FTD group was significantly smaller than the AD group. It is also possible that some of the FTD cases had AD, but with the type of neuropsychiatric symptoms seen in FTD. This is especially relevant for the FTD cases selected from the Nursing Home Dementia Register, which may have been in an advanced stage of AD at the time of formal dementia diagnosis. During the last stages of AD, the neuropsychiatric symptoms seen in FTD may occur.
Strengths and Limitations of the Study
The main strength of our study is its longitudinal, population-based, nested case-control design. Another strength is the use of a validated dementia diagnosis and data on anxiety and depression from the HADS [33, 51] . We were able to investigate risk factors measured in the HUNT2 years before the FTD and AD diagnoses were made. Furthermore, our study has a comparable number of FTD cases to other studies, where populations have varied from 61 to 129 cases [10-12, 14, 15, 29, 52, 53] . An exception was the study by Deutsch et al. [13] on head trauma as a risk factor for FTD, which had 1,016 FTD cases. A further advantage of our study was that in the multivariable analyses we were able to adjust for a large number of potential confounding factors.
There were also limitations to our study. Some of the dementia diagnoses in the Hospital Dementia Register were recorded retrospectively. Although most patients referred to hospitals were examined by multiple doctors who implemented standard routines, some files had missing data, which may have reduced the validity of some diagnoses [30] . The diagnosis of dementia in the Nursing Home Dementia Register was based on a review of data collected from patients, their family members, and their caregivers. However, two physicians with extensive clinical and research experience found the data sufficient to make a diagnosis according to established criteria. The number of patients diagnosed with FTD was higher in the Nursing Home Dementia Register. FTD patients may need treatment and nursing home care earlier than those with AD. Diagnosing dementia specifically as FTD in patients living in nursing homes is more difficult than in those attending hospital outpatient clinics, although the dataset from the Nursing Home Dementia Register included information on symptoms early in the course of the disease. Further, AD patients will develop a behavior and symptoms similar to FTD patients later in disease and are therefore often incorrectly diagnosed with FTD [30] . Consequently, a possible misclassification of dementia type may have affected the point estimates in our study because the FTD group may have consisted of both FTD and AD cases. Additionally, the CH control group comprised individuals with healthy brains and may not have been truly representative of the general population.
The HADS is self-rated and scoring could be biased by the person's feelings at the time they filled out the questionnaire. There is also a possibility that some FTD or AD cases developed cognitive impairment before participation in the HUNT2 study. Filling out a selfrated questionnaire may be problematic for individuals with cognitive impairment because insight and the ability to quantify emotional states may be impaired. Understanding and interpretation of the questions in the HADS may also be subject to individual variation. However, previous studies have shown the HADS to be satisfactory in terms of internal consistency, factor structure, and intercorrelation [51] .
Interpretation
Our results suggest that we can view anxiety and depression as differing risk factors for FTD and AD. The finding that anxiety was more often reported in premorbid FTD than in AD can be explained by a shared underlying psychiatric component, for example, the suggested relationship between apolipoprotein E, anxiety, and dementia [49] , or the use of medications, such as benzodiazepines [50] . However, we cannot rule out the possibility that the anxiety symptoms reported on the HADS at baseline in the HUNT2 study are part of a prodromal phase in FTD. The identification of early prodromal states in FTD continues to pose challenges [54] . Studies have found that it can take from 5 to 10 years to make a correct diagnosis [55, 56] , and our findings warrant more research to further explain the correlation between anxiety and FTD.
Another important finding was that depression was more often reported in premorbid AD than in CH controls. This suggests that depression symptoms, as reported on the HADS at baseline in the HUNT2 study, may be part of a prodromal phase of AD. AD develops slowly and the prodromal phase has been estimated to last from 1 year to more than 10 years [57] . Furthermore, AD and depression may be linked by vascular disease, alterations in glucocorticoid steroids, hippocampal atrophy, increased depositions of β-amyloid plaques, inflammatory changes, and deficits of nerve growth factors or neurotrophins [42] , none of which are commonly seen in FTD.
Conclusion
Our study results suggested that prior anxiety is associated with a diagnosis of FTD and prior depression is associated with AD, after adjustment for other risk factors. Anxiety and depression as risk factors may play different roles in FTD and AD. Differences between FTD and AD in modifiable risk factors should be considered in future research, which requires a longitudinal design with long follow-up periods to clarify the consistency of earlier findings on modifiable FTD risk factors. Further research should also analyze genetic data to separate genetic and sporadic cases of FTD, providing further enlightenment of the possible relationships between modifiable and nonmodifiable risk factors for FTD.
